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Previews
larval development by a Wingless-mediated signal in-Looking Up:
ward to form the dorsal and ventral margins (reviewedRegional Patterning in the Fly Eye by Reifegerste and Moses, 1999).
Now we learn from Tomlinson, reported in this issue
of Developmental Cell, that a Wingless signal from the
adjacent presumptive head cuticle patterns the dorsal
rim. Tomlinson shows that this Wingless signal is acting
in a graded fashion (as a morphogen). He controlled theThe Drosophila compound eye includes a dorsal do-
level of an ectopic Wingless signal using a temperature-main specialized for the detection of the plane of polar-
sensitive Wingless protein (varying the temperature),ized light. Two new papers show that this domain is
and by using promoters of differing strengths. He showscontrolled by graded Wingless signals acting through
that at the highest levels, Wingless specifies a nonneuralthe homeodomain transcription factor Homothorax.
palisade of sheathing pigment cells (the pigment rim),
at an intermediate level the dorsal rim ommatidia form,
and at a lower level (in the center of the eye) it adds aThe human retina is regionally specialized: the central
mechanosensory bristle to each facet. Wingless is alsomacula functions in high acuity, daylight, and color vi-
expressed on the ventral margin, but there is a majorsion and is populated by cone photoreceptors (express-
difference: it does not act there to specify dorsal riming red-, blue-, or green-sensitive opsins), while the pe-
ommatidia. In the dorsal half of the eye, cells expressriphery functions in low-resolution, monochromatic
three homeodomain transcription factors of the Iroquoisnight sight and is dominated by rod cells (expressing
complex (Iro-C), while ventral cells lack Iro-C. When anyrhodopsin). The fly’s eye, by contrast, has functionally
of the Iro-C proteins are expressed ventrally they cansimilar specializations within each eye facet (or omma-
induce ectopic “dorsal” rim ommatidia near the sourcetidium; reviewed by Hardie, 1986). Of the eight photore-
of Wingless.ceptor neurons, six outer cells may function mainly for
Thus, a Wingless signal gradient is responsible forhigh-sensitivity vision and express the major rhodopsin
regional specialization in the fly eye, but what is its(rh1), while the two central cells are responsible for day-
target? Now Wernet and colleagues show, in the Octo-light color vision (Figure 1). Each apical, central R7 cell
ber 31 issue of Cell, that it is another homeodomainexpresses a UV-sensitive opsin (rh3 or rh4) and the basal
transcription factor, Homothorax (Wernet et al., 2003).central R8 cell expresses a blue- or green-sensitive op-
At an earlier stage, Homothorax (like Wingless) can an-sin (rh5 or rh6). There are two classes of randomly dis-
tagonize the morphogenetic furrow (Bessa et al., 2002).tributed ommatidia: “pale” (an rh5-expressing R8 cell
Wernet and colleagues did a genetic screen for genesbelow an rh3-expressing R7) and “yellow” (an rh6 R8
expressed in regional patterns in the eye and found thatbelow an rh4 R7).
homothorax is expressed in the dorsal rim ommatidiaThe fly’s retina has a narrow dorsal region with a
at the adult stage. They find that this Homothorax ex-different function: the detection of polarized light orien-
pression begins in the pupal phase and use gain- andtation (Hardie, 1986), thought to reveal the direction of
loss-of-function genetics to show that Homothorax isthe sun on partially overcast days for flight navigation.
In these “dorsal rim” ommatidia, the central photorecep-
tors both express rh3 and have larger rhabdomeres, and
due to their orientation and synaptic connections can
distinguish the direction of UV polarized light (Figure 1).
Thus, in addition to pale and yellow ommatidia (for color
vision), the switch to rh3 opsin in both central cells in
the dorsal rim produces a third class of facet: to act as
the fly’s navigational compass.
Two new papers now provide a mechanism for the
developmental specification of the specialized dorsal
rim (Tomlinson, 2003; Wernet et al., 2003). The Drosoph-
ila Wnt homolog Wingless is known to control several
earlier steps in eye development: head versus eye field
specification (Royet and Finkelstein, 1996), and later
Wingless antagonizes Hedgehog-driven progressive
neural induction in the retina (at the morphogenetic fur-
row; Heberlein and Moses, 1995). Wingless signals also
control directional organization; the photoreceptor cells
in each facet form a trapezoid, and this shape reveals
another regional specialization: all the facets in the dor- Figure 1. Three Types of Ommatidia
sal half of each eye point up, while those in the ventral Top view above and side view below. Cell types and opsins as indi-
cated.half point the other way. This pattern is controlled during
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necessary and sufficient (in this context) for dorsal rim far-fetched now, surprising similarities in the molecular
mechanisms of eye development have been found be-fate. Thus, homothorax is acting as a homeotic “selector
gene” to execute the fate switch from color-detecting fore (Neumann and Nu¨sslein-Volhard, 2000; Quiring et
al., 1994).pale and yellow facets, to polarized light-detecting dor-
sal rim.
Interestingly, both groups find that the Wingless path-
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functions for Wingless signaling in the developing fly eye
Reifegerste, R., and Moses, K. (1999). Bioessays 21, 275–285.and illustrates just how much exquisite developmental
Royet, J., and Finkelstein, R. (1996). Development 122, 1849–1858.control can be exerted by the very few available signal
Tomlinson, A. (2003). Dev. Cell 5, this issue, 799–809.transduction pathways. It will be interesting to learn
whether the regional specialization of the vertebrate ret- Wernet, M.F., Labhart, T., Baumann, F., Mazzoni, E.O., Pichaud, F.,
and Desplan, C. (2003). Cell 115, 267–279.ina is controlled by similar means. While this might seem
scriptional regulators in liver as well as macrophages,Do Macrophage Innate Immune
promotes synthesis of ABCA1 and other transporters,Receptors Enhance Atherogenesis? which reduce intracellular levels of cholesterol and thus
protect against atherosclerosis (Tangirala et al., 2002).
Macrophages play a primary role in host defense
against infection, utilizing a range of receptors to recog-Macrophages play a central role in both innate immu-
nize microbes by opsonic (antibody and complement)nity to infection and atherosclerosis. Castrillo and col-
as well as direct interactions (Gordon, 2002). Binding ofleagues report that selected microbial agonists for
targets via so-called pattern recognition receptors (PRR)Toll-like receptors strongly inhibit LXR-mediated cho-
results in phagocytosis and killing. Macrophages ex-lesterol efflux from macrophages. TLR-LXR crosstalk
press a broad repertoire of PRR (e.g., scavenger andcould explain how nonspecific microbial infections
lectin-like), which recognize conserved structures onpromote atherogenesis.
microbes and apoptotic host cells, inducing pro- or anti-
inflammatory secretory responses, respectively. It is notThe accumulation of cholesterol-rich lipoproteins in the
clear how these different responses are regulated, butarterial wall results in recruitment of blood monocytes
the toll-like receptor (TLR) family of transmembrane mol-and their differentiation into lipid-laden foam cells, which
ecules plays a key role in signal transduction to infection,drive the disease process of atherosclerosis (for a re-
inducing expression of genes encoding inflammatoryview, see Glass and Witztum, 2001). Arterial obstruction
and other intracellular and secretory products (Bartoncomplicated by thrombosis and local plaque hemor-
and Medzhitov, 2003). Adaptor proteins such as MyD88rhage and rupture account for heart attacks and strokes,
link a range of TLRs, which discriminate among a num-a major cause of death, especially in developed coun-
ber of microbial and other ligands, to NF-B and inter-tries. The amount of lipid retained in macrophages de-
feron-regulated pathways of gene transcription.pends on the unregulated uptake of oxidized lipopro-
It has become commonplace to regard atherosclero-teins by scavenger receptors (SR), as first identified by
sis as a modified form of chronic inflammation, inducedBrown and Goldstein (1983), counterbalanced by degra-
by oxidized lipoproteins. Retrospective and prospectivedation and cholesterol efflux. Induction by oxysterols
and synthetic agonists of liver X receptors (LXR), tran- studies of surrogate markers of inflammation in humans
